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Abstract 
Correct saturation flow rates are very important for the calculation of delays and level of service at intersections. However, the 
Highway Capacity Manual (HCM) procedure and the related studies assumed ideal conditions and cannot be applicable under 
mixed traffic circumstances. A traffic survey on 36 signalized intersections inside the Beijing’s 5th Ring was conducted and a 
large number of experimental data with different lane types were statistically analyzed in this paper. Results show that the 
saturation headways approximately follow the normal distributions and the following base saturation flow rates are appropriate 
for Beijing intersections: 1380 passenger cars per hour per lane (pc/h/ln) of the right-turn lane, 1520 pc/h/ln of the left-turn lane, 
1535 pc/h/ln of the through lane, 1457 pc/h/ln of the through-right lane and 1411 pc/h/ln of the through-left lane. These results 
have been used and verified in the real-time traffic information systems of Beijing Traffic Management Bureau. 
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1. Introduction 
Correct saturation flow rates for the specific circumstances are very important for the calculation of delays and 
Level of Service (LOS) at intersections. Due to lack of local data, software developers would have to use default or 
wrong values in such software systems as intelligent transportation systems, which can lead to wrong results and 
inappropriate guidance in real-time traffic information.  
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The 2000 Highway Capacity Manual (HCM) describes a procedure for estimating the saturation flow rate at a 
signalized intersection. This procedure assumes that the base saturation flow rate for each lane type is given and 
numerous saturation flow rate adjustment factors are included to adjust the base rate. It seems that the estimated 
saturation flow can accurately reflect conditions on the intersection approach. However, ideal conditions are 
assumed as follows: 
x 3.6 meter lane width; 
x No heavy vehicles; 
x Flat gradient; 
x No parking or bus stops near the intersection; 
x Uniform movement type, i.e. only straight movement or only turning movement; and 
x No pedestrians or cyclists. 
Obviously, these ideal conditions cannot be satisfied in each city. Factors that reflect the effect of traffic pressure, 
number of lanes in the lane group, or approach speed should be offered to yield confidence in the accuracy of the 
saturation flow rate estimate. Moreover, most of the recommended base saturation flow rates are based on the 
through lanes. And other lane types’ saturation flow rates are calculated by certain formulas about the through lanes’ 
base rates, which possibly lead to inconsistent results with real traffic.  Many researchers pointed that the estimated 
saturation flow rate is higher than field measurements and they tried to found new base rates in specific countries or 
cities (Bonneson et al., 2005; Liu et al., 2009). For example, Bonneson et al. (2005) indicated that a base saturation 
flow rate of 1950 passenger cars per hour per lane (pc/h/ln) was appropriate for Florida intersections. The gap 
acceptance theory, the addition-conflict-flow theory, the regression methods and the simulation methods were 
introduced to investigate the saturation flow rate under various traffic conditions (Zhao et al., 2008; Jin et al., 2009; 
Tiwari et al., 1998; Chandra & Kumar, 2003; Tian & Wu, 2006; Pandian et al., 2009; Sharma et al., 2007; Li & 
Prevedouros, 2002).  
In this paper we conducted a traffic survey on 36 signalized intersections inside the Beijing’s Fifth Ring. Based 
on a large number of experimental data and accurate statistical analysis, the recommended saturation headways and 
the recommended saturation flow rates were given, including the right-turn lane, the left-turn lane, the through lane, 
the through-right lane, and the through-left lane. These results have been used and verified in the real-time traffic 
information systems of Beijing Traffic Management Bureau. 
2. Data collection 
2.1. Intersections surveyed 
For the purposes of this study it was important to identify and observe intersections that represented the various 
conditions described above. The following criteria were also taken into account for selecting intersections: 
x As typical and representative as possible to satisfy all the requirements in table 1, including the T-shaped 
intersections, the cross intersections and the complicated intersections. 
x The traffic queues should be long enough to facilitate the observation of saturation flow rates; 
x Have a wide view to be convenient to set up videos. 
In order to eliminate the effects of the road hierarchy, the shape of intersections was considered, as shown in 
Table 1. According to these criteria, 36 intersections in Beijing were selected for observation (see, Fig. 1), among 
which 11 was in Beijing Haidian district, 4 in East district, 4 in Beijing Fengtai district, 5 in West district, 4 in 
Beijing Chaoyang district, 1 in Beijing Shijing-shan district, 3 in Beijing Chongwen district and 4 in Beijing 
Xuanwu district.  
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Table 1. Criteria of surveyed intersections 
Shapes of Intersection Number of surveyed intersections 
Three-fork intersection 
Rapid-main cross 3 
Rapid-secondary cross 1 
Main-main cross 2 
Main- secondary cross 4 
Four-fork intersection 
Rapid-main cross 4 
Rapid-secondary cross 3 
Main-main cross 11 
Main-secondary cross 4 
Complicated intersection 
Five-fork roundabout 2 
Deformity intersection 2 
Total number 36 
 
 
Fig. 1. Surveyed intersections in Beijing 
2.2. Study periods 
Collection of data was done during peak hours (18:30-21:30 pm) at the intersections with heavy traffic flow. All 
observations were done in good weather conditions and during weekdays when people familiar with the facilities.  
2.3. Study methodology 
The method included the determining of start-up lost times, saturation headways and saturation flow rates of each 
observed vehicle queue at each intersection. This was done by recording the time from the start of green time to the 
time each vehicle’s rear wheels crossed the stop line. This was done until green time or the queue ended. 
As for saturation flow, it describes the number of passenger car units (pcu) in a dense flow of traffic for a specific 
intersection lane group. In other words, if an intersection’s approach signal were to stay green for an entire hour and 
the flow of traffic through this intersection were as dense as could be expected, the saturation flow rate would be the 
amount of passenger car units that passed through this intersection during that hour. So it can be calculated by: 
 
0 3600 /i iS h        (1) 
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Where 0iS  is the saturation flow rate of the i th entrance lane of a signalized intersection and ih  is the saturation 
headway of the i th lane. Let the green split of the i th entrance lane is iO , then the i th lane’s capacity iC  would 
be : 
 
0i i iC S O u        (2) 
 
By summing up all the entrance lanes’ capacities, the intersection’s capacity C can be obtained: 
 
N
i
i
C C ¦        (3) 
 
Where N  indicates the total number of entrance lanes at the intersection. 
It should be noted that many methods have been used to calculate the intersection’s capacity C , such as the 
HCM method, the stop-line method, the norm method and the conflict point method. The HCM method is also 
named as the saturation flow rate method and a signal intersection’s capacity is calculated based on the saturation 
flow rate. The stop-line method is more common in China and the intersection’s capacity is to sum up the traffic 
capacity of each entrance lane. The norm method is the extension of the stop-line method and computes an 
intersection’s capacity by various functions. The conflict point method takes into account Chinese mixed-traffic 
conditions. The four methods are widely used. However, they are not suitable in this paper. Ideal conditions should 
be first assumed and some revisions are needed in the HCM method. Although ideal conditions are not necessary in 
the other three methods, formulas are complicated and parameters are difficult to get. Here, as long as the saturation 
headway and the green split are determined, the intersection’s capacity C  can be calculated by Eq. (1)-(3). 
Therefore, the acquisition of the saturation headways ( ih ) is very important and three crucial steps should be 
included during data processing: 
Step 1: Extraction of the saturation headways ( ih ).  
The headways are collected under the saturated condition. In this paper, computer programming is adopted. 
Firstly, we collect data by use of video cameras. Secondly, we write computer program to record the time of each 
car passing through the stop line. To ensure the data’s validity and improve the calculation’s accuracy, three or four 
cars’ headways in the early time of the green phase (i.e. initial headways) are deleted, and only the headways during 
the middle and late time of the green phase (i.e. saturation headways) are remained.  
Step 2: Fitting analysis of the saturation headways ( ih ).  
We fit the distribution of each entrance lane’s headway, and work out the confidence interval (95% confidence). 
Then the extreme values which are out of confidence interval are deleted. 
Step 3: The sample means of the sample lanes’ fitting value ih  are thought as the recommended headway. To 
substitute the value into formula (1), the recommended saturation flow rate can be obtained. And the intersection’s 
capacity can be calculated by formulas (2) and (3). 
3. DATA analysis and Results 
3.1. Fitting Analysis of the saturation headways 
The distribution of headway has the decisive significance in calculating the saturation flow rate. Many practical 
models have been proposed, such as the negative exponential distribution, the displaced negative exponential 
distribution, Erlang distribution and the log-normal distribution. An intersection at the Tsinghua university’s west 
gate was taken as an example, which was located at a flourishing area in Beijing’s Haidian district. It’s a typical t-
shape intersection and has 3 legs. Each entrance leg has 4 entrance lanes (see, Fig. 2). Each lane’s headway 
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distribution was analyzed but for simplicity, only one distribution of each leg was presented in this paper, as shown 
in Fig. 3. North-3-through lane means the lane whose serial No. on the north entrance leg is 3 and the lane type is 
through. 
 
 
Fig. 2. The schematic diagram of the analyzed intersection 
 
From Fig. 3, we can find that the lanes’ saturation headways approximately accord with the normal distribution, 
although the lane types are different. 
 
 
Fig. 3. The saturation headway’s distribution: (a) North-3-through lane; (b) South -1-through lane; (c) West-4-left-turn lane 
 
Fitting the saturation headways with the normal probability distribution, Fig. 4 was obtained. It’s easy to see that 
the actual values make a good agreement with the hypothetical normal distribution. 
 
 
Fig. 4. Goodness-of-fit test for normal distributions: (a) North-3-through lane; (b) South -1-through lane; (c) West-4-left-turn 
lane 
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 Assumed that P is the mean, 2G is the variance. If ih ~ 2( , )N P G , the recommended saturation headway P is 
gotten, as listed in the sixth column of Table 2. 
 
Table 2. Characteristic parameters of saturation headway 
Entrance leg Serial No. Lane type Sample number 
Maxi-
mum Minimum Range 
Sample 
mean 
Sample standard 
deviation 
North 
1 Left-turn 183 3.975 1.044 2.931 2.730 0.695 
2 Through 138 3.994 1.435 2.559 2.728 0.602 
3 Through 454 3.959 1.026 2.933 2.244 0.617 
4 Left-turn 219 3.982 1.003 2.979 2.135 0.703 
South 
1 Through 220 3.999 1.047 2.952 2.272 0.709 
2 Through 180 3.977 1.064 2.913 2.215 0.675 
3 Left-turn 57 3.977 1.087 2.890 2.543 0.759 
4 Left-turn 71 3.928 1.052 2.876 2.450 0.806 
West 
1 Right-turn 58 3.962 1.036 2.926 2.652 0.728 
2 Left-turn 75 3.918 1.064 2.854 2.517 0.637 
3 Left-turn 66 3.771 1.070 2.701 2.030 0.640 
4 Left-turn 73 3.901 1.348 2.553 2.363 0.646 
3.2. Independent sample t-test of the saturation flow rates 
Based on each lane’s saturation headway, different type lanes’ headways can be calculated by average method 
according to Formula (1), as shown in Table 3. Sample number is the total number of the surveyed lanes and sample 
size means the number of lanes that can be used to get the saturation time headway. From Table 3, we know that the 
right turn lane’s base saturation rate of 1380 pc/h/ln is appropriate for Beijing intersections. Similarly, the left-turn 
lane’s base saturation rate of 1520 pc/h/ln, the through lane ’s rate of 1535 pc/h/ln, the through-right lane ’s rate of 
1457 pc/h/ln and the through-left lane ’s rate of 1411 pc/h/ln is appropriate for Beijing intersections. 
 
Table 3.  Recommended saturation flow rates for different lanes 
Lane type  Statistic Sample size Headway Flow rate 
Right-turn 106 90 2.6087 1380 
Left-turn  126 119 2.3651 1520 
Through 275 267 2.3455 1535 
Through-right 18 18 2.4680 1457 
Through -left  15 14 2.5589 1411 
 
Independent samples t-test was performed for different lanes’ saturation flow rates. All analyses were performed 
at the 95 percent confidence level. 
Table 4 shows the results for the through lanes and we can find that they have no significant difference between 
the theoretical results and the observed ones. 275 through lanes inside the Beijing’s 5th ring road have been 
surveyed. Table 4 has two parts. One is Levene’s test for equality of variances, which is used to compare the 
population variances. The result are F=432.251and P=0.000, which means the variances is equal. The other is t-test 
with equal variances and the non-equal variances. Since the variance is equal, the t-test results should be t= 1.208, 
degree of freedom=519 and P=0.228. Therefore, final statistic conclusion should be: hypothesis 0H  is acceptable at 
the level of D =0.05, and we can consider there is no difference between the two samples. 
We substitute the observed saturation headways and recommended saturation headways shown in Table 3 into 
formulas (1)-(3), and we can get the actual capacity (observed values) and the recommended capacity (theoretical 
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values). Assumed all the green splits of each entrance lane iO  are 1, the results are shown in Fig. 5. The observed 
values approximate to the theoretical values, which prove that the theoretical saturation flow rates are reasonable.  
It is should be noted that the green splits of each entrance lane iO  in Fig. 5 are assumed to be 1. In real traffic, iO  
should be obtained by field survey. 
 
Table 4.  Independent samples t-test 
 
Levene's Test for 
Equality of 
Variances 
t-test for equality of means 
 F-value P-value t-value 
Degree 
of 
freedom 
p-
value(2
-talled) 
Mean 
differen
t 
Standar
d Error 
of Mean 
95% Confidence 
Interval of the 
Difference 
Lower Upper 
Straight 
lane’s 
saturation 
headways 
Equal 
variances 
assumed  
432.251 0.000 1.208 519 0.228 12.7719 10.5714 -7.9960 33.5398 
Equal 
variance 
not 
assumed 
  1.192 256.000 0.234 12.7719 10.7146 -8.3282 33.8719 
 
 
Fig. 5. Comparisons between the observed theoretical capacities 
 
4. Conclusions 
Based on the survey on 36 signalized intersections inside the 5th ring road of Beijing and analyses of the 
saturation headways, we can find that the saturation headways of different lanes in Beijing approximately follow 
normal distributions. The base saturation flow rates are appropriate for Beijing intersections: 1380 pc/h/ln of the 
right-turn lane, 1520 pc/h/ln of  the left-turn lane, 1535 pc/h/ln of the through lane, 1457 pc/h/ln of the through-right 
lane and 1411 pc/h/ln of the through-left lane. Independent sample t-test shows that the methods used in this paper 
are simple and practicable, and the results are reasonable. These results can provide real data basis for signalized 
intersections’ traffic management under mixed traffic, and can apply to a realistic traffic management. 
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